ABSTRACT X-ray Flashes (XRFs), binary-driven hypernovae (BdHNe) are long GRB subclasses with progenitor a CO core , undergoing a supernova (SN) explosion and hypercritically accreting in a tight binary system onto a companion neutron star (NS) or black hole (BH). In XRFs the NS does not reach by accretion the critical mass and no BH is formed. In BdHNe I, with shorter binary periods, the NS gravitationally collapses and leads to a new born BH. In BdHNe II the accretion on an already formed BH leads to a more massive BH. We assume that the GeV emission observed by Fermi -LAT originates from the rotational energy of the BH. Consequently, we verify that, as expected, in XRFs no GeV emission is observed. In 16 BdHNe I and 5 BdHNe II, within the boresight angle of LAT, the integrated GeV emission allows to estimate the initial mass and spin of the BH. In the remaining 27 sources in the plane of the binary system no GeV emission occurs, hampered by the presence of the HN ejecta. From the ratio, 21/48, we infer a new asymmetric morphology for the BdHNe reminiscent of the one observed in active galactic nuclei (AGN): the GeV emission occurs within a cone of half-opening angle ≈ 60
the Fermi satellite, having onboard the Large Area Telescope (LAT) operating from early August 2008 (Atwood et al. 2009 ).
AGILE-GRID detected the first long GRB with emission above 100 MeV with photometric redshift, z = 1.8, GRB 080514B, (Giuliani et al. 2008) this event was followed four months later by the detection of GRB 080916C (Greiner et al. 2009 ) by Fermi with one of the largest isotropic energy ever detected, E iso = (4.07 ± 0.86)×10 54 erg and photometric redshift z = 4.35. These were followed by a multitude number of long GRBs by LAT with both GeV emission and with well-defined cosmological redshift, z.
One year later the first observation of a short GRB was done by AGILE, GRB 090510A, with spectroscopic redshift z = 0.903 and E iso = (3.95±0.21)×10 52 erg and E LAT = (5.78 ± 0.60) × 10 52 erg. On the ground of the observed energetics of this source, and its spectral properties, we proposed that in this short GRB we witness the birth of the Kerr-Newman black hole (BH), being the GeV emission the signature of this event (Ruffini et al. 2016a) .
In this article we address the role of the Kerr-Newman BH in explaining the GeV emission of all long GRBs and, as a by product, we determine the initial spin and the mass of the BH. In order to do this it is necessary to approach this problem within a new model characterized by the process occurring in the binary-driven hypernova (BdHN) model (see e.g. Ruffini et al. 2018a , and references therein). This will allow to answer some of the unsolved issues posed by the traditional GRB model (see, e.g. Nava 2018 ).
The traditional model assumes that all long-GRBs oc-cur from a single ultra-relativistic jetted emission originating from a BH. There is a single ultra relativistic blast wave (Blandford & McKee 1976) extending from the prompt to the latest emission of the afterglow and including, when present, the GeV emission. This traditional model has been well illustrated in a series of reviews (see e.g. Woosley 1993; Paczyński 1998; MacFadyen & Woosley 1999; Piran 1999; Meszaros & Rees 2001; Piran 2004; Zou et al. 2009; Kumar & Barniol Duran 2009; Bromberg et al. 2013 Bromberg et al. , 2015 Piran et al. 2013 ). This model is by now in contrast with observational facts also recognized by some of the original proposers of the model (see e.g. Beniamini et al. 2015 ).
Our alternative model differs significantly: I) A first difference is that long GRBs have been recognized not to have a single common origin from a BH as assumed in the traditional approach. We have classified all GRBs in different subclasses on the basis of their energetics, spectra and duration, T 90 , all expressed in the rest-frame of the source. Only in some of these subclasses the presence of a BH occurs (see e.g. Ruffini et al. 2016b Ruffini et al. , 2017b .
II) A second difference refers to the traditional assumption of a single ultra-relativistic process extending from the prompt phase all the way to the GeV emission. This contrasts with clear model-independent observational constraints. The plateau phase following the prompt radiation, presents a variety of processes, including hard and soft X-ray flares. Indeed, a modelindependent approach constrains their Lorentz factor to Γ 2 ). The ultra-relativistic prompt radiation phase lasts less than 20 s (see e.g. Ruffini et al. 2017b ). Our approach differs from the traditional one that sees the GeV radiation extending from ultra-relativistic phase into the plateau and afterglow (Kumar & Barniol Duran 2009; Bošnjak et al. 2009; Razzaque 2009 ). This traditional approach is in contrast with the above limit on the Lorentz factor of the plateau. It has been also shown, moreover, that the mildly-relativistic phase of the plateau extends all the way to the late phase of afterglow (Ruffini et al. 2017a) . For this reason in our alternative approach we focus on an ultra-relativistic proton-electron outflow originating from the BH and not at all related either to the plateau nor to the afterglow and conceptually different from the prompt phase. In this first article we indicate how to relate the GeV radiation to the presence of the BH. We then verify that the spin and mass of the BH, so determined, are sufficient to explain the observed energetics of the GeV emission.
III) A third difference is that the traditional model addresses a GRB based essentially on a single object neglecting the role of binary systems which we show characterize different GRB subclasses and allow as well with their dynamics to follow, in some of them, the birth of the BH. In particular we show in this article how the presence of the hypercritical accretion of the supernova (SN) originating from a CO core on a companion neutron star (NS) or BH are necessary to explain basic properties of long GRBs, including the presence or absence of the GeV emission.
The main goal of our approach is first to estimate the integrated energy of the GeV emission for each GRB, E LAT . We assume that this energy originates from the newly formed Kerr-Newman BH in the BdHN and determine consequently the mass and spin of the BH and infer the astrophysical implication.
It has been well recognized in recent years that the GeV flux expressed as a function of the arrival time follows precise power-laws with index α = 1.2 ± 0.2 (Kumar & Barniol Duran 2009) , α = 1.2±0.4 (Panaitescu 2017 ). In our approach we adopt an alternative interpretation of these power-laws; instead of using the flux expressed in arrival time we use the luminosity expressed in the restframe of the source. This allows us to relate the GeV radiation to the slowing down of the BH spin.
From the theoretical point of view we rely on three main topics of our previous research:
a) The mass-energy formula of the Kerr BH Christodoulou (1970) , the one of the Kerr-Newman BH, Christodoulou & Ruffini (1971) and Hawking (1971 Hawking ( , 1972 
where Q, J, M , M irr and S are the charge, angular momentum, mass, irreducible mass and horizon surface area of the BH. We assume in this article that the contribution of the electromagnetic energy to the mass of the BH can be neglected. We will return in a forthcoming article to the essential role of the electromagnetic energy to explain the high-energy emission including the GeV. b) We also rely on the description of hypercritical accretion recently summarized in three extended articles (see e.g. Ruffini et al. 2016b; Becerra et al. 2016; Ruffini et al. 2018a ) and the fundamental role of neutrinos (see e.g. Becerra et al. 2018b) . c) We finally rely on the three-dimensional (3D) simulations performed with a new SPH code needed to reconstruct of the morphology of the BdHNe as a function of the viewing angle (see e.g. Becerra et al. 2018a , and also Fig. 1 ).
The aim of this article is to use the GeV emission of Fermi -LAT for further differentiating the eight different families of GRBs presented in Ruffini et al. (2016b) , in particular the difference between XRFs and BdHNe.
We first give in section 2 an outline of the eight GRB subclasses presented in Ruffini et al. (2016b) with a brief summary of their initial states (in-state), their outstate, their energetics and spectral properties both in the gamma-rays and in the GeV emission.
In section 3 we give a summary of observational properties of 48 XRFs observed after the launch of Fermi, including their cosmological redshifts, E p,i of their spectrum, their isotropic energy E iso , the Fermi GCN and the boresight angle of Fermi -LAT (if observed). As predicted, in none of them GeV emission is observed.
In section 4 we analyze the properties of the GeV emission in BdHNe. We consider only the ones which have the boresight angle of Fermi -LAT less than 75
• at the time of the trigger. We give the details of the 21 BdHNe with observed GeV radiation, out of the 329 BdHNe with known cosmological redshift (Pisani et al. 2016) . For each, the cosmological redshift, the E p,i of the spectrum, the E iso of the source, the Fermi GCN, the boresight an- "25M1p1e" (see table 2 there). The COcore is taken from the 25 M zero-age main-sequence (ZAMS) progenitor which leads to a pre-SN COcore mass M CO = 6.85 M . The mass of the NS companion is M NS = 2 M . The initial orbital period is of approximately 5 min. The upper panel shows the mass density on the binary equatorial plane at two selected times from the SN shock breakout (t = 0 of the simulation), 100 s and 180 s. The lower panel corresponds to the plane orthogonal to the binary equatorial plane. The reference system has been rotated and translated such that the x-axis is along the line that joins the binary stars and the origin is at the NS position. It can be seen that the SN ejecta particles circularize around the NS and form an accretion disk.
gle, the E LAT , the likelihood test statistic (TS) and some distinguishing properties are given in Table 4 .
In section 5 we determine the values of the mass and spin of the BH adopting two limiting NS nuclear relativistic equations of state (EOS). This leads to identify the subfamily of 16 BdHNe of type I (BdHNe I), see Table 5 in which the process of hypercritical accretion of the SN occurs on a companion NS which gives origin to the newly formed BH. Most interesting is the fact that this leads to a BH with a mass very close to the NS critical mass and with spin systematically smaller that 0.71.
In section 6 we address the subfamily of BdHNe of type II (BdHNe II), which originates in a binary progenitor composed of a CO core and a BH companion binary, we give 5 examples in Table 6 , of these systems which are the most energetic observed BdHNe. This brings to the total of 21 BdHNe with observed GeV emission.
In section 7 the cosmological redshift, the E p,i of the spectrum, the E iso of the source, the Fermi GCN, the boresight angle and some distinguishing properties of 27 BdHNe without GeV emission are given. We explain the nature of the these BdHNe in terms of a novel morphology of the binary system. The unexpected result appeared that the geometry of BdHNe, in some respect, is similar to the one of active galactic nuclei (AGN). In the case of BdHNe the GeV emission is constrained by the HN ejecta to be observable only through conical region normal to the orbital binary plane. When the BdHNe are seen along the orbital plane of the binary progenitor then the GeV emission is scattered by the HN ejecta and only the Gamma-ray flare, the X-ray flare and the X-ray plateau remain observable. From the ratio of 21/48 we conclude: When the GRB is observed in a conical region of approximately 60
• around the normal to the plane of the binary progenitors, then all the emissions are observable, namely the X-ray, the gamma-ray and also the GeV emission. For larger inclination angle the GeV radiation is absorbed by the HN ejecta and flaring activities are observed following the prompt radiation.
In section 8 we visualize this novel geometry using the result of recent smoothed-particle-hydrodynamics (SPH) numerical simulations at the moment of BH formation in a BdHN (Becerra et al. 2018a) .
In section 9, we compute the Lorentz Gamma factor of the GeV emission to fulfill the condition of transparency, the obtained value is in the order of Γ ∼ 1500. This is an additional prove that GeV emission occurs in an ultrarelativistic regime which differs from the mildly relativistic regime originating the plateau and afteglow.
In section 10 for each of the 21 BdHNe we provide the 0.1-100 GeV luminosity light-curves as a function of the time in the rest-frame of the source. We obtain a power-law fit L n = A n t −1.20±0.04 erg s −1 and report the value of amplitude A n and the luminosity at 10 s from the beginning of the prompt radiation, L 10s , with their associated uncertainties. We also provide a correlation between L 10s and E iso .
In section 11 we use the two aforementioned results, namely 1) that the GeV energetic is explained by the rotational energy of the BH and 2) the power-law evolution of the 0.1-100 GeV luminosity, to infer the slowing down rate of the BH spin .
We finally proceed to the general conclusions in section 12. Before proceeding we indicate in Table 1 the alphabetic ordered list of acronyms used in this work.
SUMMARY OF THE SEVEN SUBCLASSES OF GRBS
We address the specific role of the GeV radiation in order to further characterize the eight subclassess of GRBs presented in Ruffini et al. (2016b) and updated in Ruffini et al. (2018a) and here further updated. In Table 2 we have indicated, for each GRB subclass, their name, the number of observed sources with cosmological redshift, their progenitors characterizing their "in-state". In all cases the progenitors are binary systems composed of various combinations of CO core , undergoing a SN explosion, of the νNS created in such SN explosion, of NS, of white dwarfs (WDs), of a BH. The "out-state" of the merging process, have been represented in Fig. 7 in Ruffini et al. (2016b) .
We focus on the difference between XRFs and BdHNe. Two possible progenitor systems of long GRBs have been identified (Ruffini et al. 2016b ): a binary system composed of a CO core , exploding as SN Ic, and a NS companion (see, e.g., Ruffini et al. 2001c; Rueda & Ruffini 2012; Fryer et al. 2014) ; and an analogous binary system where the binary companion of the exploding CO core is an already formed BH. Binary X-ray sources such as Cygnus-X1 are possible progenitors of these last systems.
We address first the system with the NS binary companion. As the SN ejecta from the exploding CO core engulfs the close NS binary companion (Becerra et al. 2015 (Becerra et al. , 2016 a hypercritical accretion process occurs with the emission of νν pairs and, for tight binaries, the formation of an e + e − plasma (Rueda & Ruffini 2012) . The presence of a NS companion explains the observed removing the outer layers of the CO core (Fryer et al. 2014) .
When the orbital period of the binary system is 5 min, the hypercritical accretion is not sufficient to trigger the collapse of the NS companion into a BH. Therefore, a MNS is formed creating a binary with the νNS originated in the SN explosion of the CO core . The absence of the formation of the BH justifies their observed peak energy in the range 4 keV< E p,i < 300 keV and isotropic energy in the range of 10 48 E iso 10 52 erg and have been indicated as X-ray flash (XRF) in contrast with the more energetics long GRBs (Ruffini et al. 2015a; Becerra et al. 2015 Becerra et al. , 2016 Ruffini et al. 2016b ). Table 2 Summary of the GRB subclasses. In addition to the subclass name, we report the number of GRBs for each subclass. We recall as well the "in-state" representing the progenitors and the "out-state" as well as the E p,i and E iso for each subclass. We finally indicate the GeV emission in the last column which for the long GRBs is only for the BdHNe I and BdHNe II (BH-SN), in the case of short bursts is only for S-GRBs and in all of them the GeV emission has energy more than ∼ 10 52 erg.
When the orbital period is as short as ≈ 5 minutes, the hypercritical accretion proceeds at higher rates and the companion NS reaches its critical mass leading to 1) the formation of a BH in a binary system with the νNS , 2) the emission of a GRB with E iso 10 52 erg and E p,i 0.2 MeV, and 3) the onset of the GeV emission when present is observed following the formation of the newly-born BH. These systems have been indicated as BdHNe (Ruffini et al. 2015a; Becerra et al. 2015; Fryer et al. 2015; Becerra et al. 2016; Ruffini et al. 2016b ). The BH formation and the associated GRB emission occur seconds after the onset of the SN explosion (see, e.g., the case of GRB 090618 in Izzo et al. 2012) .
The first list of BdHNe was introduced in Pisani et al. (2016) which was further extended in Ruffini et al. (2018a) . 329 sources have been identified after the launch of Fermi all with the given redshift, with their in-states represented by a CO core -NS binary and their out-state represented by a νNS, originated in the SN explosion of a CO core and a companion BH, their spectral peak energy has the range 0.2 MeV< E p,i < 2 MeV, isotropic energy 10
52 < E iso < 10 54 erg and their isotropic GeV emission is ∼ 10 52 erg. Concerning the subclass with progenitor a CO core -BH binary and their out-state represented by a νNS, originated in the SN explosion of a CO core and a companion BH. Their spectral peak energy is larger than 2 MeV, isotropic energy, E iso > 10 54 erg and their isotropic GeV emission is ∼ 10 53 erg. Such large values of the energetic has been justified on the ground of the previously existing BH or the formation of a newly born BH which prompts us to analyze in this article the role of the GeV emission as a further confirmation of the process of the BH formation.
X-RAY FLASHES (XRFS)
In our classification we have considered 48 XRFs, long GRBs associated with SN with E iso < 10 52 erg and E p,i < 300 keV observed after the launch of Fermi ). In our approach they originate from a progenitor of the binary CO core -NS in which due to large binary separation, typically more than 10 11 cm, the critical mass of NS is not reached and the BH is not formed (Ruffini et al. 2016b) . Our assumption that GeV radiation originated from BH leads to predict an absence of GeV radiation from XRFs.
Only 7 XRFs were observed by Fermi : 3 outside the boresight angle and 4 inside, in none of them GeV emission has been observed see Table 3 , offering a supporting evidence linking the GeV emission to the rotational energy of the BH: no BH no GeV emission!
BINARY-DRIVEN HYPERNOVAE (BDHNE)
We now address the 329 BdHNe with known redshift ): out of them we are interested only in the 21 BdHNe with the boresight angle of Fermi -LAT less than 75
• at the time of the trigger and have as well TS value > 25, which means to exclude at 5-σ the GeV photons from background sources. Following the Fermi catalog (Ackermann et al. 2013 ) for time-resolved likelihood spectral analysis we divide the data into logarithmically spaced bins. If the TS value of each bin is smaller than 16 we merge the time bin with the next one and we repeat the likelihood analysis. In Table. 4, in the first column we indicate the name of the BdHNe, in the second their redshift, in third column we present the E p,i obtained from the Fermi data, in the fourth column we estimate E iso which is larger than the 10 52 erg, in the fifth column the Fermi GCN numbers are shown, in sixth column the lower limit values of E LAT are provided and finally we add boresight angle of the LAT and TS values of each GRBs observed by LAT. The values of E LAT are calculated by multiplying the average luminosity in each time bin by the corresponding rest-frame time duration and then summing up all bins. We must point out that at late time the GeV emission observation can be prevented due to the instrument threshold of the LAT and is expected to give a minor contribution to the E LAT .
Theoretically, that the Kerr-Newman BH can have a fundamental role in the creation of e + e − plasma responsible for acceleration of the prompt radiation has been known for some time (Ruffini et al. 1999) and also a specific example in Ruffini et al. (2017b) . We are now turning to a different problem the possibility that the Kerr-Newman BH originates the GeV radiation. The above two processes share some commonalities, for instance there is a time-delay between of the first GeV photon with respect to the trigger time of GRB as well as a similar delay in the onset of prompt phase (see, e.g., Nava et al. 2014; Ruffini et al. 2015a Ruffini et al. ,b, 2016a Aimuratov et al. 2017, and Fig. 6) , and this is the topic that we will addressed in further publication.
We recall that in BdHNe there are two possibilities that the hypercritical accretion of the HN ejecta occurs Table 3 List of 48 X-ray flashes (XRFs) divided in three different groups, the one without Fermi-LAT observation (upper group), with the Fermi-LAT observation but the boresight θ ≥ 75 • , the one within the Fermi-LAT boresight angle (lower group, θ < 75 • ), none of the S-GRFs have any GeV photon detected. In the first column we indicate the name of the sources, in the second their redshift, in third column we indicate the E p,i only deducible from the F ermi data, in the fourth column we estimate E iso which is systematically lower than the 10 52 erg, we also add for convenience both the specific GCN of the F ermi source as well as the boresight angle of the LAT observation in the column of the the non-observation of the GeV emission. The symbol "−" indicates no information on LAT boresight angle due to lack of GBM observation.
on a NS companion leading to the formation of the BH (BdHN I) or it occurs on an already formed BH (BdHN II). We are going to see in the next sections how relating GeV radiation to the loss of rotational energy of the Kerr-Newman can lead to the determination of the mass and spin of the BH in the above 21 GRBs and create a separatix between BdHNe I and BdHNe II.
THE DETERMINATION OF THE MASS AND SPIN OF THE BH IN BDHNE
The first proposal for explaining of the GeV energetics as originating from the the mass and spin of Kerr BH was introduced in (Ruffini et al. 2016a,b; Aimuratov et al. 2017; Ruffini et al. 2018b ) for short GRBs. We here apply their procedure for the case of BdHNe.
The extractable energy of a Kerr-Newman BH E extr is given by the subtracting the irreducible mass, M irr , from the total mass of the BH, M :
where we have used the BH mass-formula (1.1) and introduced the dimensionless charge and angular momentum BH parameters, λ = Q/M and α = a/M = J/M 2 , respectively.
In the following we assume that the electric charge contribution to the geometry is negligible, i.e. λ 1 . The electric charge is nevertheless essential in contributing the electromagnetic process and in producing the GeV radiation. We shall return in this topic in a forthcoming article. Here the main goal is to show that the rotational energy of the Kerr-Newman BH is indeed sufficient to explain the energetic of the GeV emission and, in turn it leads to determine the mass and spin of BH.
By neglecting the electromagnetic term, the extractable energy becomes
which we use to obtain M as a function of α, M (α), by requesting the condition that observed GeV emission originates from BH extractable energy, i.e.
Equation (3) has two parameters M and α, we there- GRBs with GeV emission detected. Columns list: the source name, z, E p,i , E iso , E LAT , the position of the source from the LAT boresight θ, the likelihood test statistic (TS). The E LAT includes only the energy in the observed time duration, which does not cover the whole GeV emission period, and is different for each GRB, so we put a symbol ' ' to indicate the value is the lower limit.
fore need another equation to determine both M and α.
In the case of BdHNe I, the BH originates from the hypercritical accretion of the SN on the NS, the formation of the BH occurs when the NS reaches its critical mass and the mass of the BH satisfies the condition
Concerning the NS critical mass value, it has been shown in Cipolletta et al. (2015) that for the NL3, GM1 and TM1 EOS it is fitted, with a maximum error of 0.45%, by the relation
where k and p are parameters that depend upon the nuclear EOS, M
J=0
crit is the critical mass in the non-rotating (spinless) case and j is an angular momentum parameter related to α by
Therefore, Eq. (6) is an implicit equation of the NS critical mass as a function of the spin parameter α which can be solved numerically. We show in Fig. 2 such a relation for the NL3 and TM1 EOS. The maximum spin parameter is independent of the EOS of a uniformly rotating NS and is α max ≈ 0.7. For more details see Cipolletta et al. (2015) and Ruffini et al. (2018b) . As it can be seen in Fig. 2 considering two EOS of NS, for each value of E extr there are two corresponding solution for M (α) and α which are listed in Table 5 .
In 16 of the above long GRBs in Table 4 , the minimum BH mass, and corresponding maximum BH spin parameter are respectively in the range of 2.21 ≤ M ≤ 2.64 M and 0.05 ≤ α ≤ 0.71, for the TM1 model, and 2.81 ≤ M ≤ 3.23 M and 0.04 ≤ α ≤ 0.65, for the NL3 model.
We can then conclude that these GRBs are BdHNe with an "in-state" CO core -NS and "out-state" a νNS and a newly formed BH close to the critical mass of the NS, we are here indicated this family as BdHNe type one, BdHNe I. We now turn to the remaining 5 sources in Table 4 and show that indeed they belong to BdHNe originating from hypercritical accretion of the HN on an already formed BH which will indicate as BdHNe type two, BdHNe II.
BLACK HOLE & HYPERNOVA BINARY (BDHNE II)
In 5 long GRBs out of the 21 ones in Table 4 the BH mass is always larger than the NS critical mass, i.e. M > M crit (α), even assuming the maximum value of the NS spin parameter, α max ≥ 0.71. Therefore, for these 5 GRBs we fix α = α max and compute the BH mass M necessary to explain the values E LAT in Table. 4. These minimum masses are listed in the Table 6 and range in the interval 3.55 ≤ M ≤ 29.7 M . Such values are higher Table 5 The BH spin parameter α and mass M within the TM1 and the NL3 nuclear models, as inferred from the values of E LAT for 16 BdHNe I, out of the 21 long GRBs in Table. 4, providing BH spin parameters α < 0.71, consistent with the maximum spin parameter of a rotating NS (see Cipolletta et al. 2015 , for details).
than those attainable in BdHNe I where the NS binary companion collapses into a BH with a M ∼ M crit (α) (see Fig. 2 ). These sources evidence the possibility of a progenitor system composed of a CO core -BH binary instead of a CO core -NS binary. This possibility has been already advanced in Ruffini et al. (2016b) and Ruffini et al. (2016c) and finds here a further confirmation.
We can then conclude in generality that there are two types of BdHNe and most fundamental from an astrophysical point of view is that the rotational energy and spin of the BH are sufficient in both types, in fulfilling the energy requirement in GeV radiation in all observed above 21 sources. In all observed above: 16 BdHNe I + 5 BdHNe II = 21 BdHNe.
BDHNE WITHOUT GEV EMISSION AND GEOMETRY OF THE BDHNE
Initially unexpected it has been the presence of 27 BdHNe within the LAT boresight, without the GeV emission, see Table 7 . Although the distribution of the boresight angle and redshift, is totally analogous to the one of the 21 sources considered in sections 4, 5 and 6 but no GeV emission is observed. Some BdHNe with Swift data have been identified as sources of hard and soft Xray flares as well as of the extended thermal emission, Ruffini et al. (see details in 2018a) . A complete example has been given for GRB 151027A by Nappo et al. (2017) and Ruffini et al. (2017b) . There we assumed that the viewing angle of these sources lies in the equatorial plane of the progenitor system. We here assume that the 21 sources consider in Table 4 have an viewing angle seen from the normal of the plane, while the remaining 27 have a viewing angle in the equatorial plane. This allows us to introduce a new morphology for the BdHNe and predict specific observational properties.
We look at the ratio between the number of GRBs emitting GeV radiation N LAT , and the total number of GRBs N tot within the LAT FoV. Assuming a two-side cone emitting region, the half-opening angle of a single cone ϑ is given by
Our search in the LAT data 9 gives N LAT = 21 and N tot = 48, leading to ϑ = 55.77
• ≈ 60
• . Therefore, in BdHNe the GeV emission comes from a wide angle emission as can be seen in idealized Fig. 3 . Therefore, the following general conclusion can be reached: a new morphology of the BdHN is identifiable confirmed by the GeV emission in this paper, the soft and hard X-ray flares in Ruffini et al. (2018a) , the extended thermal emission in Nappo et al. (2017) and guided by the large number of numerical simulations describing the accretion of the SN ejected material around the NS companion (see Fig. 1 and Fig. 4 ) and its idealized representation in Fig. 3 .
What can be concluded from the above results is that in BdHNe, in view of the ejected SN accreting material, the GeV emission is only detectable when the viewing angle is less than the ≈ 60
• from the normal to the plane, see left plot in Fig. 3 . Whenever the viewing angle is within 60
• from the co-planarity condition no GeV emission is observed though X-ray and Gamma-ray Flares are observed, see right plot in Fig. 3. 
SPH SIMULATION OF BDHNE
The numerical simulation at the moment of BH formation in a BdHN is presented in Becerra et al. (2016 Becerra et al. ( , 2018a . Three-dimensional (3D) views of the density distribution at the moment of the BH formation in a BdHN are shown Fig. 4 . These plots correspond to the simulation of the SN ejecta expansion under the presence of the NS companion. The simulation is performed with a SPH technique in which the SN ejecta material is divided by N point-like particles, in the present case 16 million, Table 6 The 5 BdHNe II, out of the 21 long GRBs in Table 4 , requiring M > M J =0 max . The masses M have been obtained from Eq. 4 in Ruffini et al. (2018b) by fixing α = αmax = 0.71. The inferred values for mass of each system is bigger than the maximum critical-mass of the NS, for TM1 model M crit (αmax) = 2.62M and for NL3 model M crit (αmax) = 3.38M , see Fig. 2 . These sources cannot be associated with NS, therefore we conclude the hypercritical accretion occurs to an already formed. Table 7 List of 27 BdHNe inside Fermi-LAT boresight angle and no GeV photon detected: 27 BdHNe with redshift taken from (Ruffini et al. 2016b ) from 2008, when Fermi started to operate, till the end of 2016. All of them are within the boresight of Fermi-LAT, but none detected GeV photon. For each source the columns list: z, E iso , Ep, GCN number, position of the source from LAT boresight θ, whether was detection by LAT, and additional information.
with different masses and followed their motion under the NS gravitational field. The orbital motion of the NS around the SN explosion center is taking into account as well as the NS star gravitational mass changes via the hypercritical accretion process. The last was modeled independently estimating the accretion rate on the NS with the Bondi-Hoyle formalism. For the initial conditions of the simulation was adopted a homologous velocity distribution in free expansion and the power law initial density profile of the SN matter was modeled by populating the inner layers with more particles (see Becerra et al. 2016 Becerra et al. , 2018a , for additional details). Figures 1  and 4 corresponds to an initial binary system formed by a 2 M NS and the CO core , obtained from a progenitor with M ZAMS = 30 M . When the CO core collapses and explodes, ejects 7.94 M and leads a νNS of 1.5 M . The initial binary period is about 5 min (≈ 1.5 × 10 10 cm).
The new morphology of the BdHNe presented here and in the previous section, leads to a difference in the observed energy spectra and time variabilities for sources with viewing angle in the plane or normal to the orbital plane of the binary progenitor. We infer that our 21 BdHNe, with viewing angle less than ≈ 60
• from the normal to the orbital plane of the binary progenitor, "seen from above", have larger E iso than the ones with the viewing angle lying in the plane of the binary system (see Tables 4 and 7 ). This explains the association/nonassociation of the GeV emission with bright GRBs often mentioned in the current literature (see Racusin et al. 2011; Cenko et al. 2011 and Fig. 4 in Nava 2018 ).
An additional issue in the traditional approach (see e.g. Beniamini et al. 2015; Racusin et al. 2011 and sections 3 and 4 in Nava 2018) is also solvable: the sources, which are seen with a viewing angle lying in the orbital plane have stronger flaring activities in the X-ray after- glow compared to the 21 emitting GeV, therefore the ratio between E iso and the luminosity in the X-ray afterglow is systematically smaller than in the 21 with GeV emission. This offers a different explanation than the one presented in the traditional approach. However, all these matters as already mentioned in Ruffini et al. (2017b) need a new operational definition of E iso , taking into due account the hard and soft X-ray flares and the extended thermal emission.
Another important, specific feature of the new morphology of BdHNe is the presence of the νNS formed at the center of the exploding SN (see Fig. 1 and Becerra et al. 2018a Becerra et al. , 2016 . We have shown that the νNS manifests through the synchrotron emission by relativistic electrons injected from it into the expanding magnetized SN ejecta, as well as through its pulsar emission which explain the early and late optical and X-ray afterglow, respectively, allowing the inference of the νNS rotation period (see Ruffini et al. 2017a) . A smoking gun of this picture, namely the verification of the νNS activity following the above mechanism, both in XRFs and in BdHNe, and the connection of the inferred rotation period of the νNS to the one of the CO core and to the orbital period, from angular momentum conservation, has been explicitly shown in the GRB 180728A (XRF) and GRB 130427A (BdHN); see Y. Wang, et al., in preparation.
THE ULTRA-RELATIVISTIC GEV EMISSION
Having fulfilled the energy requirement of the GeV emission from the rotational energy of the Kerr-Newman BH, we can turn to the evaluation of the Lorentz factor of the GeV directly by the condition of transparency.
Taking the GeV emission from a typical GRB, which has a power-law spectrum of flux density with index ∼ −2, namely
where f 0 is a constant from the fitting of the data. Following Appendix A, the lower limit of the Lorentz factor from the γ + γ → e + e − suppression of the ultra-high energy photons gives
where D L is the luminosity distance, the value of parameters f 0 = 10 −4 , D L = 10 27 cm, t = 10 s, and max = 10 GeV correspond to luminosity L ∼ 10 52 erg s −1 at 10 s and the highest energy photon observed is ∼ 10 GeV.
The independent origin of the GeV radiation as originating from the BH is further confirmed by the spacetime diagram see Fig. 5 , illustrating how the condition of transparency for a Γ ∼ 1500 occurs at ≈ 10 17 cm. This fact introduces separatix between the ultra-relativistic emission from the BH and the plateau and the afterglow phase of the soft X-ray, which has been proved to be mildly-relativistic (Γ ∼ 2) from the observation of the thermal component following the prompt radiation phase (Ruffini et al. 2015a .
THE LUMINOSITY POWER-LAW BEHAVIOR IN BDHN MEASURED IN THE REST-FRAME
In the following, we are going to fit simultaneously the light-curves of all the 21 BdHNe with GeV emission expressed in the rest-frame of the source. We assume a same power-law decay index but different amplitudes, this assumption is consistent with our model, moreover, it brings the benefit for those GRBs with limited data that cannot be fitted solely.
We limit our analysis of the light-curves at time later than the BdHN prompt emission, when the GeV luminosity is already in the asymptotic power-law regime. A power-law
describing the rest-frame 0.1-100 GeV isotropic luminosity light-curve of nth BdHN is assumed. In the simultaneous fitting, we perform the Levenberg-Marquardt method to perform the minimization (Gill & Wright 1981) . The basic idea of fitting is to minimize the χ 2 ; Figure 4 . Three-dimensional, half hemisphere views of the density distribution of the SN ejecta at the moment of BH formation in a BdHN. The simulation is performed with a SPH code that follows the SN ejecta expansion under the influence of the NS companion gravitational field including the effects of the orbital motion and the changes in the NS gravitational mass by the hypercritical accretion process. The initial conditions of the SN ejecta are set by a homologous velocity distribution in free expansion and the mass-distribution is modeled with 16 millions point-like particles (see Becerra et al. 2016 , for additional details). The binary parameters of this simulation are: the NS companion has an initial mass of 2.0 M ; the COcore, obtained from a progenitor with zero-age main-sequence (ZAMS) mass M ZAMS = 30 M , leads to a total ejecta mass 7.94 M and to a 1.5 M νNS, the orbital period is P ≈ 5 min (binary separation a ≈ 1.5 × 10 10 cm). The distribution of the ejecta is not axially symmetric; it is strongly influenced by the rotation of the system and accretion occurring in the binary component, see Fig. 1 . Particularly relevant for the observations is the low density region of ≈ 10 • which allows, for the sources with viewing angle in the equatorial plane to detect the prompt radiation phase. This has been qualitatively indicated in Fig. 3 . In this sources only a fraction of approximately 10% the prompt radiation can be detectable, they are the only ones able to trigger the Fermi-GBM and the remaining 90% will not have the prompt radiation detectable, see Ruffini et al. (2017b) and work in progress.
when fitting one curve to one equation, the χ 2 is minimized. To fit N curves to N equations simultaneously, the sum of the χ 2 values should to be minimized. The related equations are:
where n represents each BdHN, i represents each data point in a given BdHN, A n is the amplitude of a powerlaw function for the nth BdHN, α is the common powerlaw index shared for all the BdHNe. Thus, for the n th BdHN, at time t ni , the observed luminosity is L ni , and the predicted luminosity is L n (t ni , A n , α). The value of χ 2 represents the difference between the best power-laws fitting and all the observed data, it is a summation of individual χ 2 n , which represents the difference between the power-law fitting and the observed value of each GRB.
Out of 21 BdHNe presented in Table 4 we perform the fitting for only 17 GRBs which have more than two data points in their luminosity light-curves. Therefore, for the fitting of BdHNe, there are 17 bursts and each one has its power-law function. Consequently, there are in total 17 parameters, including 17 amplitudes, and 1 power-law index. The fitting gives the power-law index α = 1.2 ± 0.04, i.e.:
which is plotted in Fig. 6 and the amplitudes of each GRB, A n , with the uncertainty are shown in Table 8 . This inferred power law index is similar one obtained from fitting of GeV flux, f ν (t), see e.g. (Kumar & Barniol Duran 2009) and (Panaitescu 2017) , in which power-law index is α = 1.2 ± 0.2 and α = 1.2 ± 0.4, respectively. Since luminosity is proportional to flux, i.e. L = 4πd Ruffini et al. (2001a) . The black solid line represents the ultra-relativistic motion of the source at Γ = 10 3 , the thin (thick) red dashed lines are the photon trajectories of the prompt (GeV) radiation. The emission of the GeV radiation occurs at r = ∆tac √ Γ 2 − 1(Γ + √ Γ 2 − 1) ≈ 2Γ 2 c∆ta ≈ 10 17 cm, where ∆ta is the arrival time delay between the prompt and the GeV emission.
ing. The advantage of using luminosity expressed in the rest-frame of the source, instead of flux in arrival time, is that one can determine the intrinsic energy loss of the system which produces the GeV radiation, regardless of difference in the redshift of their sources.
After having the best power-law parameters of the light curve for each BdHNe, we check the correlation between the GeV luminosity at 10 s from Eq. (14) using the fitted parameters and the isotropic energy E iso . The power-law fitting gives (see Fig. 7 ):
and the fitting parameters for each GRB including their uncertainties are shown in Table 8 . Furthermore, we estimate the energy released in the GeV band by each GRB in the 0.1-10 4 s time interval, i.e.:
and the derived E 0.1−10 4 s are shown in Table 9 . The parameters E 0.1−10 4 s and E iso (isotropic energy of the prompt emission in γ band) are also correlated by a power-law relation (see Fig. 7 ):
E 0.1−10 4 s = (4.125 ± 2.59) × 10 53 E
1.424±0.447 iso
. (17) This positive correlations indicates that the BdHNe with higher isotropic energy are also more luminous and more energetic in the GeV emission.
SPIN DOWN OF THE BH IN BDHNE
We can turn now from the luminosity expressed in the rest-frame of the sources, see Eq. (14) and from the initial values of the spin and mass of the BH expressed in section 5 to derive the slowing down of the BH due to the energy loss of in the GeV emission. The time derivative of Eq. (3) gives the luminosity
Since M irr is constant for each BH during the energy emission process, and using our relation for luminosity L = At −1.2 , we obtain the relation of the loss of massenergy of the BH by integrating Eq. (18):
which M 0 is the initial mass of newly born BH. From the mass-energy formula of the BH we have
therefore
As indicative examples we show in Fig. 8 the decrease of the BH spin, α = a/M = J/M 2 , as a function of time in GRBs 090328A, 110731A, 130427A and 160509A.
CONCLUSIONS
On the ground of recent progress in the classification of GRBs in eight different families, reviewed in section 2, we have examined the role of the GeV emission in long GRBs. The goal is to further extend the observables in this GRB classification and follow a new approach to explain the GeV emission by assuming that it originates from the rotational energy of a Kerr-Newman BH.
From the theoretical point of view we have relied on our previous works, of the mass-energy formula of the BH on the theory of hypercritical accretion and on the 3D simulation performed with an SPH code to construct the morphology of the GRB.
We have given attention to the subclass of BdHNe, long GRBs originating in a binary system composed of a CO core , undergoing a SN explosion, and a companion NS. It had already been established that when the binary period is longer than 5 minutes the hypercritical accretion of the SN ejecta is not sufficient to overcome its critical mass, and no BH is formed. An XRF with E iso < 10 52 erg occurs, consistently we have verified in section 3 that in 48 XRFs no GeV emission occurs: No BH No GeV emission.
For a shorter binary period, the hypercritical accretion is sufficient to lead the NS to overcome its critical mass and collapse to a BH. This originates a BdHNe with E iso > 10 52 erg. We have addressed both BdHNe with BH, either newly-formed or preexisting.
In order to ascertain the presence of the GeV emission, out of 329 BdHNe, in section 4 we have focused on 48 within the boresight angle of the Fermi -LAT; we have found 21 with and 27 without GeV emission. For each of the 21 sources we have given the basic parameters in Table 4 .
In section 5 we have implemented our basic assumption that the GeV emission originates from the rotational Table 8 Fitting parameters of the relation between 0.1-100 GeV luminosity vs. time when measured in the rest frame of 17 BdHNe with GeV emission: amplitude of the BdHNe 0.1-100 GeV luminosity, An, and its uncertainty, the inferred 0.1-100 GeV luminosity at 10 s from the fitting and its uncertainty. The common power-law index is α = 1.20 ± 0.04. Out of 21 BdHNe emitting GeV emission we performed the fitting for 17 GRBs which have more than two data points in their luminosity light-curves. GRBs 091208B, 130518A, 150314A, 150514A have only two data points in their GeV luminosity light curves. Figure 7 . Left: the Fermi-LAT luminosity at 10 s in the energy range 0.1-100 GeV versus the isotropic gamma-ray energy from 1 keV to 10 MeV. The BdHNe are listed in Table 8 . Right: the Fermi-LAT energy from 0.1 to 10 4 s versus isotropic gamma-ray energy from 1 keV to 10 MeV. See the corresponding values in Table 9 . Table 9 Results of E 0.1−10 4 s and related error of 17 BdHNe. E 0.1−10 4 s is total GeV energy (in erg) emitted from 0.1 to 10 4 s. GRBs 091208B, 130518A, 150314A, 150514A are excluded since they have only two data points in their GeV luminosity light curves. Table. 5. This behavior of spin parameter indicates that rotational energy of the BH is decreasing due to the radiation losses in GeV.
energy of a Kerr-Newman BH. Consequently, we have determined for each source the initial spin and mass of the BH to fulfill the energetic requirement of the GeV radiation.
The first new conclusion is that there are two types of BdHNe. 16 BdHNe of type one (BdHNe I) have a BH originating from the gravitational collapse of a NS, see Table 5 , and 5 BdHNe of type two (BdHNe II) originate from an already existing BH and are the most energetic BdHNe, see Table 6 . For all of them the BH rotational energy is sufficient to explain the energetic of all GeV emissions.
We have then addressed the issue of the 27 BdHNe without the GeV emission and using specific examples in our previous works we have assumed that these sources have a viewing angle laying in the orbital plane of the binary progenitor system. When the Swift data are available hard and soft X-ray flare as well as extended thermal emissions are observed.
The second new conclusion is that the GeV emission occurs in a cone with an half-opening angle of approximately 60
• from the normal to the plane of the binary progenitor. This evidence a new asymmetric morphology of the BdHNe reminiscent of the one observed from AGN and well illustrated by the reconstruction of the 3D SPH code that follows the SN ejecta expansion accreting onto the NS companion shown in Fig. 4 . We have also verified that the condition of transparency of the GeV emission requires a Lorentz factor Γ ≈ 1500 for the source of the GeV emission.
The third new conclusion: in section 10 we have implemented the description of the luminosity of the GeV emission as a function of time in the rest-frame of the source and found a universal power-law dependence with index of α = 1.2 ± 0.04. This has allowed to compute for each source the slowing down rate of the BH spin due to the GeV radiation. In this and previous papers we have shown that the Kerr-Newman solution can fulfill the energy requirement of the GeV emission in both long and short GRBs and consequently to determine the BH mass and spin. We are currently analyzing the electrodynamical properties of the Kerr-Newman BH for studying the origin of the high-energy process in particle and in fields common in GRBs and AGN.
We have seen evidence of an ultra-relativistic emission originating from a BH, for long GRBs, in this article and, for short GRBs, in previous articles. However, this does not occur in all GRBs as traditionally assumed. It occurs only in a subclass of BdHNe and in a subclass of short GRBs. In both cases this ultra-relativistic emission, occurs in the GeV energy range, and has an extended luminosity following precise power-laws when expressed in the source rest-frame. This emission is additive to the other components of the GRB which include, in the gammarays, an additional ultra-relativistic component in the prompt radiation phase lasting 20 s and, in the Xrays, an additional mildly-relativistic phase with Lorentz factor Γ ∼ 2 extending to the plateau and the afterglow phase.
We acknowledge the protracted discussion with Roy Kerr. We also acknowledge the continuous support of the Assuming the photons having energy more than the most energetic photon observed are annihilated by the collisions with the lower energy photons and produce electron-positron pairs as γ + γ → e + e − . This assumption is equivalent to the expression of the optical depth τ ( max ) = σn( > max,th )∆r = 1
where max is the highest energy of photon observed, max,th is the corresponding threshold of energy for having the pair creation, n( > max,th ) is the number density of photon more the threshold energy at radius r, ∆r is the thickness of the plasma. We are going to find all the terms in the above equation. The average cross section of gamma-ray annihilation is σ = 
where Γ is the bulk Lorentz factor of the plasma outflow, z is the redshift. The density n can be obtained from the observation. The typical max,th is more than 10 MeV for the Fermi-LAT photons from a GRB, therefore, the annihilation is mainly caused by the ultra-high energy photons themselves, not from the low energy photons possibly from other regions. For example, at time t in the observer's frame, the fitted count flux density follows a power-law
in units of count cm −2 s −1 erg −1 , the index β ≥ 2 for most of the cases. The density at the observer is n obs ( > max,th ) = c 
Assuming Γ is constant, the distance of the plasma at time t is r 2Γ 2 ct,
and the density at radius r is 
For f 0 = 10 −4 and D L = 10 27 cm, corresponding to luminosity ∼ 10 52 erg s −1 , and at t = 10 s, max = 10 GeV, the inferred Γ ∼ 1500, and distance r ∼ 10 18 cm. The above consideration is similar to Lithwick & Sari (2001) , but it is derived to be applicable for the GeV region, and the parameters fitted from the observed spectrum.
